ABSTRACT: Direct comparison between perovskite-structured hybrid organic-inorganicmethyl ammonium lead bromide (MAPbBr 3 ) and all-inorganic cesium lead bromide (CsPbBr 3 ), allows identifying possible fundamental differences in their structural, thermal and electronic characteristics. Both materials possess a similar direct optical band-gap, but CsPbBr 3 demonstrates a higher thermal stability than MAPbBr 3 . In order to compare device properties we fabricated solar cells, with similarly synthesized MAPbBr 3 or CsPbBr 3, over mesoporous titania scaffolds. Both cell types demonstrated comparable photovoltaic performances under AM1.5 illumination, reaching power conversion efficiencies of ~6 % with a poly-aryl amine-based derivative as hole transport material. Further analysis shows that Cs-based devices are as efficient as, and more stable than methyl ammonium-based ones, after aging (storing the cells for 2 weeks in a dry (relative humidity 15-20%) air atmosphere in the dark) for 2 weeks, under constant illumination (at maximum power), and under electron beam irradiation.
) and agree well with the UPS measurements. These studies show that the differences in surface energetics between the materials are small. A significant difference between the materials was observed in terms of real-time thermal stability, as shown by TGA analysis. Figure 1 shows a higher degradation onset temperature of CsPbBr 3 (~580°C) than of MAPbBr 3 (first onset at ~220°C). MAPbBr 3 displays degradation in stages suggesting defragmentation of the 'labile' organic cation (pristine MABr shows an onset of degradation at ~200°C, as shown in Figure 1 ; that of CsBr is ~650 ºC). This observation agrees with results from earlier studies on MAPbX 3 -based systems. 13, 14 CsX; X = halide). In fact, CsPbBr 3 is somewhat more thermally stable than PbBr 2 itself.
To study the photovoltaic behavior of MAPbBr 3 The devices were further analyzed using electron beam-induced current (EBIC) analysis. The extreme left images of the collage are secondary electron (SE) ones (marked as 'SE image').
Sequential scanning images using EBIC analysis are displayed from left to right (marked as 'scan 1' to 'scan 5' in the images of the collage). In brief, EBIC uses an electron beam to act as a light source equivalent, generating electron-hole pairs in the junction area as depicted in Figure   S5 . These pairs separate into free carriers, which are collected at the contacts. The current originating from the charge collection is observed in real time and a current collection efficiency image can be drawn. In a mesoporous structure, a fixed collection efficiency is expected throughout the device due to the short collection distance. The EBIC signal in CsPbBr 3 It is likely that the thermal stability observed in TGA for CsPbBr 3 is associated with the total device stability, as well as its efficient collection efficiency under the electron beam, during EBIC analysis. We suggest that due to its relatively high temperature, single phase degradation process, the CsPbBr 3 -based devices are less prone to environmental degradation and their life-time is prolonged compared to that of MAPbBr 3 -based devices. As the inclusion of chloride in MAPbBr 3 was reported to increase its stability as well 7, 16 we are now studying the effects of chloride addition to CsPbBr 3 .
In conclusion, we have shown that replacing the common organic 'A' site of AMX 3 halide perovskites by an inorganic one forms a more thermally stable perovskite structure, as indicated by TGA analysis. The opto-electronic properties for both materials were investigated using UPS and CPD analysis together with J-V characterization, with specific emphasis on the were cut and cleaned by sequential 15 minutes sonication in warm aqueous alconox solution, deionized water, acetone and ethanol, followed by drying under N 2 stream. After an oxygen plasma treatment for 10 minutes, a compact ∼60 nm thin TiO 2 layer was applied to the clean substrate by spray pyrolysis of a 30 mM titanium diisopropoxide bis(acetylacetonate) (Sigma Aldrich) solution in isopropanol using air as the carrier gas on a hot plate set to 450 °C, followed by a two-step annealing procedure at 160 °C and 500 °C, each for 1 hour in air.
A 450-nm-thick mesoporous TiO 2 scaffold was deposited by spin-coating a TiO 2 paste onto the dense TiO 2 -coated substrates. A TiO 2 paste (DYESOL, DSL 18NR-T) and ethanol were mixed in a ratio of 2:7 by weight and sonicated until all the paste dissolved. The paste was spincoated for 5 seconds at 500 rpm and 30 seconds at 2000 rpm, twice, followed by a two-step annealing procedure at 160 °C and 500 °C, each for 1 h in air.
The MAPbBr 3 and CsPbBr 3 films were prepared by a 2-step sequential deposition Photoemission Spectroscopy (UPS) measurements were carried out using a Kratos AXIS ULTRA system, with a concentric hemispherical analyzer for photo excited electron detection.
UPS was measured with a helium discharge lamp, using He I (21.22 eV) and He II (40.8 eV)
radiation lines. The total energy resolution was better than 100 meV, as determined from the 
